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Abstract  
Seemingly, it is not easy to finding a norm on the center closure of a normed algebra. Cabrera 
and Mohammed in [1,2], they defined a norm on the center closure of two classes of algebras namely  
totally multiplicatively prime and associative totally prime algebras. In this paper, we prove the same 
result in a general setting by considering the class of non-associative totally prime algebras which have 
a prime multiplication algebra.  
Keyword: central closure, multiplicatively prime algebra, totally prime algebra.  
Introduction 
The central closure of algebra 𝐴 is an algebra extension of 𝐴, denoted by 𝑄(𝐴) 
and the eventual fact that 𝑄(𝐴) is reduced to 𝐴, when the extended centroid of 𝐴 equal 
to the base field (see [3,4]). In [3] Cabrera and Palacios introduced a totally prime 
algebra as generalization of ultraprime algebra and they proved that a totally prime 
complex algebra is centrally closed.   
Cabrera and Mohammed in [1] introduce totally multiplicatively prime algebra 
which is a subclass of totally prime algebra. Also, Cabrera and Mohammed proved in 
[1, Theorem 3.2] the following result which is our aim in this paper: 
If 𝐴 is totally multiplicatively real prime algebra with extended centroid equal 
to ℂ, then there exists a complex norm algebra on the central closure 𝑄(𝐴) of 𝐴. 
Moreover, 𝑄(𝐴) is totally multiplicatively prime complex algebra and the inclusion of 
𝐴 into 𝑄(𝐴) and 𝑀(𝐴) into 𝑀(𝑄(𝐴)) are topological, where 𝑀(𝐴) and 𝑀(𝑄(𝐴)) are 
the multiplication algebra of 𝐴 and 𝑄(𝐴) respectively.  
Later this result was proved by Cabrera and Mohammed in [2, corollary 2] for 
a class of associative totally prime algebras. In this paper, we prove above result but in 
a general setting by considering 𝐴 to be non-associative totally prime and to be 
multiplicatively prime algebra.  
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1. Totally prime algebra and its multiplication algebra are also prime.  
Throughout this paper, the algebra 𝐴 considered to be not necessary associative 
over 𝐾 equal ℝ or ℂ. We denote by 𝐿(𝐴) the algebra of all linear operators on 𝐴. For 
𝑎 ∈ 𝐴, we denote by 𝐿𝑎 to be a linear operator from 𝐴 into 𝐴, defined by 𝐿 𝑎(𝑥) = 𝑎𝑥 
for all 𝑥 ∈ 𝐴 and  𝑅𝑎 to be a linear operator from 𝐴 into 𝐴, defined by 𝑅𝑎(𝑥) = 𝑥𝑎 for 
all 𝑥 ∈ 𝐴. The operators 𝐿𝑎 and 𝑅𝑎 are called left and right multiplication by 𝑎 
respectively. Also, we denote by 𝑀(𝐴) to be the multiplication algebra of 𝐴, defined as 
a subalgebra of 𝐿(𝐴) generated by the identity operator 𝐼𝑑𝐴  and the set {𝐿𝑎 ,𝑅𝑎: 𝑎 ∈ 𝐴}. 
We recall that the algebra 𝐴 is called prime if, for two ideals 𝐼 and 𝐽 of 𝐴, 𝐼𝐽 = 0 implie s 
𝐼 = 0 or 𝐽 = 0. Recall from [1] that an algebra 𝐴 is multiplicatively prime, if 𝐴 and 
𝑀(𝐴) is prime. 
For 𝑥, 𝑦 ∈ 𝐴, define 𝑁𝑥,𝑦: 𝑀(𝐴) × 𝑀(𝐴) ⟶ 𝐴 by 𝑁𝑥,𝑦(𝐹, 𝐺) = 𝐹(𝑥)𝐺(𝑦) for 
all 𝐹, 𝐺 ∈ 𝑀(𝐴). From [3] the totally prime algebra is a normed algebra (𝐴, ‖∙‖) with a 
positive constant 𝑐 such that ‖𝑁𝑥,𝑦‖ ≥ 𝑐‖𝑥‖‖𝑦‖ for all 𝑥, 𝑦 ∈ 𝐴.  
We will summarize two definitions, the extended centroid and the central 
closure of a prime algebra 𝐴. A partially defined centralizer (in short p.d.c.) on 𝐴 is a 
linear mapping 𝑓: 𝑑𝑜𝑚 (𝑓) ⟶ 𝐴, where 𝑑𝑜𝑚 (𝑓) is a non-zero ideal of 𝐴 and 
satisfying 𝑓(𝑎𝑥) = 𝑎𝑓(𝑥) and 𝑓(𝑥𝑎) = 𝑓(𝑥)𝑎, for all 𝑎 ∈ 𝐴 and 𝑥 ∈ 𝑑𝑜𝑚(𝑓). The 
relation ≃, defined on the set of all p.d.c.'s on 𝐴, by 𝑔 ≃ ℎ if and only if there is a p.d.c. 
𝑓 on 𝐴 such that 𝑔 and ℎ are extensions of 𝑓, is an equivalence relation. The extended 
centroid of 𝐴, denoted by 𝐶(𝐴), is the set of all equivalence classes of p.d.c.'s, with the 
operations induced by the sum and the composition of p.d.c.'s, the extended centroid 
becomes a field when 𝐴 is prime algebra. If 𝐶(𝐴) is equal to the base field, then 𝐴 is 
called centrally closed. The central closure of  𝐴 denoted by 𝑄(𝐴) is define as a prime 
algebra  𝐴, the central closure of 𝐴, can be seen as an 𝑄(𝐴) = 𝐴⨂𝐶(𝐴), also  𝑄(𝐴) is 
the algebra 𝐴 over the field 𝐶(𝐴). For more details, see [5]. 
Note that a real free non-associative algebra generated by any non-empty set is 
totally prime algebra and its multiplication algebra is also prime but it is not totally 
multiplicatively prime algebra. For more details see [1].  
Theorem 2.2 
 Let (𝐴, ‖∙‖) be totally prime real algebra whose multiplication algebra 𝑀(𝐴) is 
prime and  the extended centroid of 𝐴 equal to ℂ, then there exists a complex algebra 
norm ‖∙‖𝑐  on 𝑄(𝐴) such that the inclusions of (𝐴, ‖∙‖) into (𝑄(𝐴),‖∙‖𝑐) and 
(𝑀(𝐴),‖∙‖) into (𝑀(𝑄(𝐴)),‖∙‖𝑐) are topological. Further 𝑄(𝐴) is totally prime and 
𝑄(𝐴) is multiplicatively prime complex algebra. 
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Proof: 
From [1, Theorem 3.2], we have 𝑄(𝐴) = {𝑥 + 𝑦𝑖, 𝑥, 𝑦 ∈ 𝐴}, where 𝑖 is the 
imaginary unit in ℂ. Also, for 𝑖 ∈ 𝐶(𝐴) we have 𝑑𝑜𝑚(𝑖) = 𝑖𝑑𝑜𝑚(𝑖) and 𝑑𝑜𝑚(𝑖) is a 
non-zero ideal of 𝑄(𝐴). Define the set 𝐷 = {𝐹 ∈ 𝑀(𝐴): 𝐹(𝐴) ∈ 𝑑𝑜𝑚(𝑖) and              
𝑖𝐹 ∈ 𝑀(𝐴)}. Also, from [1, Theorem 3.2] 𝐷 is an ideal of 𝑀(𝑄(𝐴)). For any 𝑞 ∈ 𝑄(𝐴), 
then the evaluation operator 𝐸𝑞
𝐷  is linear operator from 𝐷 into 𝐴 defined by 𝐸𝑞
𝐷(𝑇) =
𝑇(𝑞) for all 𝑇 ∈ 𝐷.  
It easy to show that the evaluation operator 𝐸𝑞
𝐷 is linear operator from 𝐷 into 
𝑑𝑜𝑚(𝑖), since 𝐷 is an ideal of 𝑀(𝑄(𝐴)). 
We are going to prove that the mapping  𝐸𝑞
𝐷: 𝐷 ⟶ 𝐴 (𝑞 ∈ 𝑄(𝐴)) is bounded. 
First we prove that the p.d.c. 𝑖: 𝑑𝑜𝑚(𝑖) ⟶ 𝐴 is bounded. 
Let 𝑥, 𝑦 ∈ 𝑑𝑜𝑚(𝑖) and 𝐹, 𝐺 ∈ 𝑀(𝐴) with ‖𝐹‖ = ‖𝐺‖ = ‖𝑦‖ = 1, we have. 
‖𝑁𝑦,𝑖(𝑥)(𝐹, 𝐺)‖ = ‖𝐹(𝑦)𝐺(𝑖(𝑥))‖ 
                           = ‖𝐹(𝑦)𝑖𝐺(𝑥)‖ (taking into account that 𝑖 ∈ 𝐶(𝐴) and 𝑑𝑜𝑚(𝑖) =
𝑖𝑑𝑜𝑚(𝑖) )   
                                 = ‖𝑖𝐹(𝑦)𝐺(𝑥)‖ 
                                 = ‖𝐹(𝑖(𝑦))𝐺(𝑥)‖ 
                                 ≤ ‖𝐹(𝑖(𝑦))‖‖𝐺(𝑥)‖ 
                                 ≤ ‖𝐹‖‖𝑖(𝑦)‖‖𝐺‖‖𝑥‖ 
Since 𝐴 is a totally prime algebra, there exists 𝑐 > 0, such that 
 𝑐‖𝑦‖‖𝑖(𝑥)‖ ≤ ‖𝑁𝑦,𝑖(𝑥)‖ 
                                      = sup
𝐹,𝐺∈𝐴
{‖𝐹(𝑦)𝐺(𝑖(𝑥))‖, ‖𝐹‖ = ‖𝐺‖ = 1} 
                                      ≤ sup
𝐹,𝐺∈𝐴
{‖𝐹‖‖𝑖(𝑦)‖‖𝐺‖‖𝑥‖, ‖𝐹‖ = ‖𝐺‖ = 1} 
                                      = ‖𝑖(𝑦)‖‖𝑥‖ 
We get that ‖𝑖(𝑥)‖ ≤
1
𝑐
‖𝑖(𝑦)‖‖𝑥‖ for all 𝑥 ∈ 𝑑𝑜𝑚(𝑖), so 𝑖 is bounded. The rest 
proof of  𝐸𝑞
𝐷 is bounded is similar to that in [1, Theorem 3.2]. 
Now, for 𝑞 ∈ 𝑄(𝐴), we define ‖𝑞‖𝑟 = ‖𝐸𝑞
𝐷‖, the prove of  (𝑄(𝐴),‖∙‖𝑟) is real 
normed algebra is similar to that in [3, Theorem 3.2]. 
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We are going to prove the equivalent between ‖∙‖𝑟  and ‖∙‖ on 𝐴,  let 𝑎 ∈ 𝐴 and 
𝑇 ∈ 𝐷,  
‖𝐸𝑎
𝐷(𝑇)‖ = ‖𝑇(𝑎)‖ 
                ≤ ‖𝑇‖‖𝑎‖ 
‖𝑎‖𝑟 = ‖𝐸𝑎
𝐷(𝑇)‖ 
         = sup
𝑇 ∈𝐷
{‖𝐸𝑎
𝐷(𝑇)‖, ‖𝑇‖ = 1} 
           ≤ sup
𝑇∈𝐷
{‖𝑇‖‖𝑎‖, ‖𝑇‖ = 1}  
          = ‖𝑎‖ 
Now, let 𝐹,𝐺 ∈ 𝑀(𝐴) such that ‖𝐹‖ = ‖𝐺‖ = 1, for fixed 𝑇 ∈ 𝐷 and               
𝑥 ∈ 𝑑𝑜𝑚(𝑖), such that ‖𝑇(𝑥)‖ ≠ 0, then 
‖𝑁𝑇(𝑥),𝑎(𝐹,𝐺)‖ = ‖𝐹𝑇(𝑥)𝐺(𝑎)‖ 
                                 = ‖𝐿 𝐹𝑇(𝑥)𝐺(𝑎)‖ 
Since 𝑇 ∈ 𝐷, 𝐹 ∈ 𝑀(𝐴), from the proof of [4, Theorem 1] 𝐷 is an ideal of 𝑀(𝐴), 
so 𝐹𝑇 ∈ 𝐷, then 𝐹𝑇(𝑥) ∈ 𝑑𝑜𝑚(𝑖), for any 𝑧 ∈ 𝐴, we get thtat 𝐿𝐹𝑇(𝑥)𝐺(𝑧) ∈ 𝑑𝑜𝑚(𝑖) 
for all 𝑧 ∈ 𝐴,  so 𝐿 𝐹𝑇(𝑥)𝐺(𝐴) ⊆ 𝑑𝑜𝑚(𝑖), 𝑖 (𝐿𝐹𝑇(𝑥)𝐺(𝐴)) ⊆ 𝑖(𝑑𝑜𝑚(𝑖)) = 𝑑𝑜𝑚(𝑖) ⊆ 𝐴, 
so 𝐿 𝐹𝑇(𝑥)𝐺 ∈ 𝐷. 
‖𝑁𝑇(𝑥),𝑎(𝐹,𝐺)‖ = ‖𝐸𝑎
𝐷(𝐿𝐹𝑇(𝑥)𝐺)‖ 
                   ≤ ‖𝐸𝑎
𝐷‖‖𝐿𝐹𝑇(𝑥)𝐺‖  
                   ≤ ‖𝑎‖ 𝑟‖𝐹𝑇(𝑥)‖‖𝐺‖  
                   ≤ ‖𝑎‖ 𝑟‖𝐹‖‖𝑇(𝑥)‖‖𝐺‖  
‖𝑁𝑇(𝑥),𝑎‖ = sup
𝐹,𝐺∈𝑀(𝐴)
{‖𝐹𝑇(𝑥)𝐺(𝑎)‖, ‖𝐹‖ = ‖𝐺‖ = 1} 
                    ≤ sup
𝐹,𝐺∈𝑀(𝐴)
{‖𝑎‖𝑟‖𝐹‖‖𝑇(𝑥)‖‖𝐺‖, ‖𝐹‖ = ‖𝐺‖ = 1} 
      = ‖𝑎‖ 𝑟‖𝑇(𝑥)‖  
Since 𝐴 is a totally prime algebra, then 
 𝑐‖𝑇(𝑥)‖‖𝑎‖ ≤ ‖𝑁𝑇(𝑥),𝑎‖ ≤ ‖𝑎‖𝑟‖𝑇(𝑥)‖ 
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 𝑐‖𝑎‖ ≤ ‖𝑎‖𝑟 
We get that for all 𝑎 ∈ 𝐴, 𝑐‖𝑎‖ ≤ ‖𝑎‖𝑟 ≤ ‖𝑎‖------(1) 
Hence the inclusion of (𝐴, ‖∙‖) into (𝑄(𝐴), ‖∙‖𝑟) is topological. Note that, the 
proof of the inclusion of (𝑀(𝐴),‖∙‖) into (𝑀(𝑄(𝐴)),‖∙‖𝑟) is topological, similar to 
that in [1, Theorem 3.2].  
For proving 𝑄(𝐴) is a totally prime algebra, let 𝑞1,𝑞2 ∈ 𝑄(𝐴),𝐺1 , 𝐺2 ∈
𝑀(𝐴), 𝐹1, 𝐹2 ∈ 𝑀(𝑄(𝐴)), 𝑇1,𝑇2 ∈ 𝐷. We denoted by 𝑁𝑞1,𝑞2
𝐷  the linear operator from 
𝐷 × 𝐷 into 𝐴, given by 𝑁𝑞1,𝑞2
𝐷 (𝑇1,𝑇2) = 𝑇1(𝑞1)𝑇2(𝑞2) for all 𝑇1, 𝑇2 ∈ 𝐷. We denoted 
by 𝑁𝑞1,𝑞2  the linear operator from 𝑀(𝑄(𝐴)) × 𝑀(𝑄(𝐴)) into 𝑄(𝐴), given by 
𝑁𝑞1,𝑞2 (𝐹1, 𝐹2 ) = 𝐹1 (𝑞1)𝐹2(𝑞2) for all 𝐹1 , 𝐹2 ∈ 𝑀(𝑄(𝐴)). Now 
  𝑐2‖𝐸𝑞1
𝐷 (𝑇1)‖‖𝐸𝑞2
𝐷 (𝑇2)‖ = 𝑐
2 ‖𝑇1(𝑞1)‖‖𝑇2(𝑞2)‖ 
         ≤ 𝑐‖𝑁𝑇1(𝑞1),𝑇2(𝑞2)‖   
                       = 𝑐 sup
𝐺1 ,𝐺2 ∈𝑀 (𝐴)
{‖𝑁𝑇1(𝑞1),𝑇2(𝑞2)(𝐺1,𝐺2 )‖, ‖𝐺1 ‖ = ‖𝐺2 ‖ = 1} 
         = sup
𝐺1 ,𝐺2∈𝑀 (𝐴)
{𝑐‖𝑁𝑇1(𝑞1),𝑇2(𝑞2)(𝐺1,𝐺2 )‖, ‖𝐺1 ‖ = ‖𝐺2‖ = 1} 
         = sup
𝐺1 ,𝐺2∈𝑀 (𝐴)
{𝑐‖𝑁𝑞1,𝑞2(𝐺1𝑇1, 𝐺2𝑇2 )‖, ‖𝐺1‖ = ‖𝐺2 ‖ = 1}  
                        ≤ sup
𝐺1 ,𝐺2 ∈𝑀(𝐴)
{‖𝑁𝑞1,𝑞2
𝐷 (𝐺1𝑇1,𝐺2 𝑇2)‖𝑟
, ‖𝐺1‖ = ‖𝐺2 ‖ = 1} 
                        ≤ sup
𝐺1 ,𝐺2 ∈𝑀(𝐴)
{‖𝑁𝑞1,𝑞2
𝐷 ‖
𝑟
‖𝐺1𝑇1‖‖𝐺2𝑇2‖, ‖𝐺1 ‖ = ‖𝐺2‖ = 1} 
        ≤ sup
𝐺1 ,𝐺2 ∈𝑀(𝐴)
{‖𝑁𝑞1,𝑞2
𝐷 ‖
𝑟
‖𝐺1‖‖𝑇1‖‖𝐺2 ‖‖𝑇2‖, ‖𝐺1 ‖ = ‖𝐺2 ‖ = 1} 
                      = ‖𝑁𝑞1,𝑞2
𝐷 ‖
𝑟
‖𝑇1‖‖𝑇2‖ 
                       ≤ ‖𝑁𝑞1,𝑞2 ‖𝑟
‖𝑇1‖‖𝑇2‖ 
We get that   𝑐2‖𝐸𝑞1
𝐷 (𝑇1)‖‖𝐸𝑞2
𝐷 (𝑇2)‖ ≤ ‖𝑁𝑞1,𝑞2‖𝑟
‖𝑇1‖‖𝑇2‖, Now  
𝑐2‖𝑞1‖𝑟‖𝑞2‖𝑟 = 𝑐
2‖𝐸𝑞1
𝐷 ‖‖𝐸𝑞2
𝐷 ‖ 
                            = 𝑐2 sup
𝑇1,𝑇2∈𝐷
{‖𝐸𝑞1
𝐷 (𝑇1)‖‖𝐸𝑞2
𝐷 (𝑇2)‖, ‖𝑇1‖ = ‖𝑇2‖ = 1}   
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                            = sup
𝑇1,𝑇2∈𝐷
{𝑐2‖𝐸𝑞1
𝐷 (𝑇1)‖‖𝐸𝑞2
𝐷 (𝑇2)‖,‖𝑇1‖ = ‖𝑇2‖ = 1}   
                            ≤ sup
𝑇1,𝑇2∈𝐷
{‖𝑁𝑞1,𝑞2‖𝑟
‖𝑇1‖‖𝑇2‖, ‖𝑇1‖ = ‖𝑇2‖ = 1}   
              = ‖𝑁𝑞1,𝑞2‖𝑟
  
    𝑐2‖𝑞1‖𝑟‖𝑞2‖𝑟 ≤ ‖𝑁𝑞1,𝑞2‖𝑟
 
So (𝑄(𝐴),‖∙‖𝑟) is totally prime algebra and 𝑀(𝑄(𝐴)) is prime by [4, Corollary 1]. 
Since ‖∙‖𝑟 is  an algebra real norm on 𝑄(𝐴) for which the mapping  𝑖𝐼𝑑𝑄(𝐴) 
from 𝑄(𝐴) into 𝑄(𝐴), defined by 𝑖𝐼𝑑𝑄(𝐴)(𝑞) = 𝑖𝑞  for 𝑞 ∈ 𝑄(𝐴) is bounded, it follows 
from [6, Theorem 1.3.3] that, we can get complex norm defined by                                 
‖𝑞‖𝑐 = sup
𝜃∈ℝ
‖(𝑐𝑜𝑠𝜃 + 𝑖𝑠𝑖𝑛𝜃)𝑞‖𝑟   for all 𝑞 ∈ 𝑄(𝐴) and satisfying ‖𝑞‖𝑟 ≤ ‖𝑞‖𝑐 ≤
𝑐1‖𝑞‖𝑟  with 𝑐1 = 1 + ‖𝑖𝐼𝑑𝑄 (𝐴)‖𝑟
 
So the inclusions of (𝐴, ‖∙‖) into (𝑄(𝐴),‖∙‖𝑐) and (𝑀(𝐴),‖∙‖) into 
(𝑀(𝑄(𝐴)),‖∙‖𝑐) are to be topological. 
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ةصلاخلا 
  اريرباك .ةيرايعملا روبجلل يزكرملا قلاغنلأل رايعم داجيإ ةلوهسلا نم سيل ،ودبيام ىلع–  يف دمحم[1,2]  رايعم ادجوأ
هربنس ، ثحبلا اذه يف .ةيعيمجتلا ةيلكلا ةيلولأا روبجلاو ًايلك ةبورضملا ةيلولأا روبجلا امه روبجلا نم نيفنص ىلع يزكرملا قلاغنلأل ن
لع نكلو ةجيتنلا سفن.يلوأ تابورضم ربج اهل يتلا ةيعيمجت ريغلا ةيلكلا ةيلولأا روبجلا وهو روبجلا نم معأ فنص ى 
 تاملكلا:ةلادلا  .يلك يلوأ ربج ، بورضم يلوأ ربج، يزكرملا قلاغنلأا 
 
